To elicit the factors affecting Willingness to Pay values for the preferred options of participants for dealing with a molar tooth with a non-vital pulp, a common but difficult problem.
Introduction
The decisions of whether to save or extract a molar tooth with a non-vital pulp and then, if extracted, whether and how to prosthetically restore the space, are commonly encountered in dental practice. Arguments have been advanced both for the retention of teeth using endodontic treatment and for extraction and prosthetic replacement based on effectiveness (Zitzmann et al. 2009 ) although there are often problems in comparing effectiveness due to different measures being used. Some of these arguments have centred around the balance of long term costs against different levels of effectiveness, with some for example arguing that implant replacement is more effective and that the initial higher costs are offset by savings in the future (Felton 2005) .
To evaluate fully the long term costs together with the success rates in a holistic manner, economic evaluation techniques can be employed. Although such evaluations can inform clinical questions, they are of most use to policy makers when taking decisions concerning the most efficient allocation of resources. To date, published economic evaluations comparing endodontics and implants have only addressed technical efficiency questions, in other words, how to achieve the best outcome for a given level of resource (Pennington et al. 2009 , Kim & Solomon 2011 .
Given the complex and multi-dimensional nature of resource allocation decisions (allocative efficiency questions), it is necessary but potentially complex to elicit patient preferences or values to inform decisions. Health economics gives a framework for eliciting such preferences in a systematic and well defined single measure across a population or sample.
When elicited in this way, the information about direction and strength of preferences can be used directly by policy makers in combination with cost and other attributes to inform decisions about which treatments to fund in budget-constrained systems such as the National Health Service (NHS) in the UK or weighed directly against costs in a cost-benefit analysis in privately funded (or non-budget constrained systems (Shackley & Donaldson 2000) . The values may also be of use in informing decisions at an individual level as an important element of shared decision making (Charles et al. 1999) . However, the area of patient preferences has not been extensively explored in dentistry (Vernazza et al. 2012) .
Previous research of relevance to the specific context of this study has investigated patient preference for implants (Esfandiari et al. 2009 , Leung & McGrath 2010 , Augusti et al. 2013 but investigation and valuation of preferences for all options for a molar tooth with a non-vital pulp (an extremely common clinical scenario) has not been undertaken.
The field of health economics has a specific way of defining and studying patient preference, in terms of utility. Utility can be measured in specific health state utility measures often presented as quality adjusted life years (QALYs), but there are theoretical and practical problems with using such measures in oral health (Birch & Ismail 2002 ). An alternative method of eliciting utility is to determine a monetary valuation most commonly using the technique of willingness to pay (WTP) (Donaldson et al. 2006) . With WTP, the respondent is presented with a hypothetical scenario, for example receiving a particular health care intervention, and asked the maximum they would be willing to pay to receive the intervention. It is important to note that this is not asking what price they think the intervention should be but how much, based on their own income constraints, they personally value the intervention.
Willingness to pay is not without its own criticisms, most notably its link with ability to pay and the hypothetical nature of the valuation but these criticisms have been discussed in detail and mostly addressed (Donaldson 1999 , Kennedy 2002 , Murphy et al. 2005 , Bryan & Jowett 2010 . It is worth bearing in mind that QALYs also suffer from similar problems.
Bearing in mind the advantages and disadvantages of WTP and health state utility measures, WTP has been suggested as the most suitable method for dental interventions (Matthews et al. 1999) .
The aim of this study was to devise an approach to eliciting WTP values in the complex situation of deciding over multiple options for treating an asymptomatic molar tooth with a non-vital pulpand to use this approach to explore the factors influencing the direction and strength of preference (in terms of WTP) of dental patients for the different treatment options.
Methods

The study was approved by the NHS County Durham and Tees Valley 2 Research Ethics
Committee.
The sampling frame was routine dental attenders from 8 dental practices in the North East of England which were also the setting for recruitment and interviews. The practices were purposively sampled by size, location and patient payment type (National Health Service (NHS), private and mixed) to ensure a range of participants. In this context, the NHS is a taxation funded system which provides some subsidisation of dental treatments for all UK citizens as well as free dental treatment for certain groups (such as children and low income groups). Some patients choose to seek dental care privately either paying on a fee per item or insurance basis. Of the treatment options studied all are available through the NHS with the exception of implants which are usually only available privately. In order to allow multivariate modelling a broad range of demographic and dental characteristics were necessary in the sample and this was reviewed constantly throughout recruitment. The possibility of stratified sampling was considered, but found not to be necessary as the study progressed.
Over a period of 51 days, sequential patients aged 18 and over and having at least one natural tooth (i.e. dentate) were asked by the dentist at the end of any type of appointment if they wished to be involved in the research. Exclusion criteria were only that the participant could not complete or understand the interview. The sample size calculation was based on the primary aim of investigation (factors affecting WTP and choice) and so a logistic research events per variable (EPV) approach (Peduzzi et al. 1996) was employed showing a necessary sample size of at least 500. Sampling was ceased when the target number was reached.
Structured interviews were conducted by one researcher (CV). Demographic, socioeconomic and dental history questions were included based on best practice guidelines (Office for National Statistics 2009, The NHS Information Centre 2010). Participants were presented with the scenario of an asymptomatic mandibular first permanent molar with a non-vital pulp with extensive caries. They were then given the options of saving (with a root canal treatment and crown) or extracting the tooth and then the 4 prosthetic options of leaving a gap, a removable partial denture, a fixed bridge or a single implant restoration. All of these items were described in lay terms and supplemented with photographs and illustrations.
The WTP exercise was prefaced with an explanation of this method along with a script to ensure that patients understood that the exercise was hypothetical but to encourage realistic and budget constrained responses. The participant was asked to state which would be their preferred treatment option and WTP was elicited for this choice using a shuffled payment card method (Smith 2006) . The approach of eliciting WTP for the preferred option (rather than a marginal or "WTP for each" approach) was taken based on the likely use of such data by policy makers. Zero values were classified as true or protest by asking the participant to select the reason for this value from a standard list (Ryan et al. 2004 ).
Data were inputted by one researcher (CV) into Stata 11 (Statacorp LP. College Station, Texas, USA). Validation consisted of performing rationality and consistency tests on the whole sample. Descriptive statistics were used for the basic analysis followed by a series of econometric models to look at factors influencing the choices and WTP values. Treatment option choices were analysed using logistic and multinomial logistic regressions. . When analysing WTP, even when "protest" zeros are excluded, the data are censored at zero as it is not possible to be willing to pay a negative amount. This usually leads to a right skewing of the data. Various techniques have been used to account for both the censoring and skew but the use of tobit models is one widely accepted solution in econometrics (Halstead et al. 1991) . Measuring predictive ability of such models in an absolute sense is difficult, but the 
Results
Nature of the sample
In total, 504 potential participants were referred by the dentists to the researcher, of which 503 agreed to participate and were interviewed. Data regarding those approached by the dentist and refusing to see the researcher were not collected. The basic demographics and dental history of the sample are given in Tables 1 and 2 and compared to appropriate population data.
Strength and direction of preference (descriptive analysis)
The proportion of the sample preferring different options and the respective WTP values of each sub-sample for their preferred option are shown in Table 3 . The overall mean WTP for the whole sample for their preferred option (the WTP for dealing with the problem, irrespective of treatment choice) was £327.66 but with a very large standard deviation (SD) (£774.58). In the whole sample and each individual sub-sample, the WTP distribution was not normal but right skewed and left censored, as expected (see Figure 1 ). There were only 6 zero responses in the whole data set (4 in the RCT sub-group, 2 in the extraction only subgroup) and these were all "true" zeros, rather than protest responses and so contribute to the mean values.
Factors affecting direction of preference
A series of economic models were developed to explain the factors influencing the direction and strength of preference. The first model explains the choice between extracting (with all subgroups of prosthetic choice combined into this one larger group) the tooth and saving it (RCT + crown) with odds ratios referring to the likelihood of choosing extraction. The model is given in Table 4 , with significant factors of low socio-economic status (SES) and experience of extraction making choosing extraction doubly and almost triply more likely respectively and experience of RCT or crowns making choosing extraction around half as likely. The likelihood ratio of Chi 2 indicated that the model was significant, but the pseudo R extractions increased the likelihood of choosing implant over leaving a gap. Otherwise there were no significant predictors of different choices.
Factors affecting strength of preference (WTP)
The next set of models explains variation in WTP. When analysing WTP across the whole sample, the choice of treatment modality will have an influence on the WTP value and so in order to account for this a 2 part model in necessary with the first part developing a correction factor to take account of the treatment choice which is fed into the second part of the model to correct for treatment choice. A Heckman selection model is therefore used here. The model is given in Table 5 , with the first step of the model, shown in the lower half of the table, giving the correction factor which is incorporated into the top half which is the actual model of WTP. This shows high income as the only significant factor increasing WTP with the coefficient indicating that high income increases WTP by over £200, holding all other variables constant.
Tobit models were also constructed for each sub-sample by initial choice, where the size of the sub-sample was sufficient. Again, the likelihood ratio of Chi 2 indicated that models were significant, but the pseudo R 2 indicated a poor fit. Bearing this poor fit in mind, the model of WTP for RCT (n=259) shows significant factors of being female and high income increasing WTP and previous experience of extraction decreasing WTP. The model of WTP for extract and leave a gap (n=88) showed no significant variables and WTP was therefore assumed to be entirely unpredictable based on the variables measured. The model of WTP for extract and implant (n=85) shows that only high income increased WTP.
Discussion
The aim of this study was to explore the factors influencing the direction and strength of preference (in terms of WTP) of dental patients in the treatment decisions for an asymptomatic molar tooth with a non-vital pulp. In total, 503 patients were interviewed and asked for their preferred treatment option in the scenario outlined and then asked their maximum WTP to secure this treatment option.
The study is one of the most comprehensive elicitations of WTP for dental interventions in the literature to date and adds to the literature by exploring an extensive range of demographic and dental influences on WTP. In general, both preference and WTP for the different treatment options were highly variable and unpredictable.
The aim of the study was not to elicit absolute WTP values for a representative sample but to investigate factors affecting WTP and so the sample needed to be sufficiently diverse to allow multivariate analysis. This was achieved but in addition, the sample was fairly representative of the local population, although the absolute values should still be interpreted with caution. The sampling frame, being dental attenders only, and the nonresponders may have biased the response even when looking at the multi-variate analysis but given the high variance and unpredictable nature of the WTP values, this is unlikely to have had any major effect on the results. Additionally, given the significant personal financial contributions of patients in NHS dentistry, from a policy maker's viewpoint there is a greater justification for eliciting views from those that actually access dental services.
It would have also been possible to weight the data to correct for the representativeness and
should the values be used in policy making, this would be a valuable step. In particular,
given the potential link with ability to pay (or income) and WTP, it has been suggested that weighting should be undertaken to positively discriminate towards the values of those with lower income (Donaldson 1999) . As expected, income was positively correlated with WTP but the relationship was not strong and so did not merit additional weighting.
Where multiple options are being considered, it has been proposed that "WTP for each" or marginal approaches would yield more useful and robust information (Donaldson 2001 Results relating to direction of preference show that around half of the participants would have chosen to save the tooth, and that when people selected to have the tooth extracted the most preferred options were to leave a gap or have an implant. The factors influencing these choices were mostly related to previous experience implying that people's preferences remain relatively constant over time. It is likely that they would use past decisions as their frame of reference in this hypothetical scenario, although it should be borne in mind that previous supply factors may have limited that previous experience. Interestingly, preferences appeared to be highly personal and demographic factors did not appear to influence direction of preference to any great degree.
In terms of strength of preference, it is interesting to note that the mean values for RCT, fixed partial denture and implant were broadly similar with leaving a gap and a removable denture much lower. In terms of the final outcome, the latter three options are all similar resulting in a fixed tooth (natural or prosthetic) and this suggests that the resultant health state rather than the health care (or process) itself is being valued. The mean values were of the same order of magnitude as the NHS prices at the time of the study. The exception was for implants, which are not generally available on the NHS and where the value was at variance to the market (local private) price for a single implant of approximately £1500 (at the time of the study). Although private price data was not sought at the time of the study for the other options, it is likely that these would be significantly higher than the NHS prices and so WTP values would also be at variance with these.
The presence of "anchors" has been found to be important in influencing WTP values (Kahneman et al. 1999 ) and the NHS values may be acting as anchors here. However, the large variance exhibited casts some doubt over the importance of these anchors. The scenario presented to the patient did not specify how the patient was paying (i.e. NHS or privately) but did encourage participants to think in terms of value rather than price. It is likely that patients considered the value in terms of their usual system, and, although the majority of the participants were NHS payers, there is no evidence that usual system systematically influenced WTP. One question of interest for potential further research is whether there is a difference between what participants are willing to pay for NHS and private treatments. In theory, participants should be giving the total value of any treatments. However, there is a possibility that they are giving the value at the "subsidised" NHS rate. This has important implications for the users of such data as resource allocation decisions may differ if a "subsidised" value is given but used as a complete value.
Despite all of this, the most notable feature of the strength of preference data is the substantial variance in the valuations. The factors affecting the valuations showed few predictors that were significant, again reflecting the highly individual nature of the valuations.
The factors that are not significant or excluded from the model are again interesting as many would be expected to influence the valuation, in particular low income (which was not significant in any model in contrast to high income). This may suggest that it is the amount of disposable income that is important in determining choice as has been found elsewhere (Bhatti et al. 2007 ). These findings contrast with those of others who found demand for dental services was influenced by both changes in dental attendance (Nguyen et al. 2005) and number of teeth (Grytten 1990) and that WTP for implants was influenced by education (not found to be a factor in this study) as well as gender and income (which had limited influence in this study) (Leung & McGrath 2010) .
The overall results illustrate a fundamental concept; that the sample, as a whole, expressed preference for all of the treatment options, but in ways which are extremely difficult to predict. In terms of policy, this leaves difficult questions. Normally, the costs of the options would be weighed against the valuations (including the loss for those who value an alternative) in order to decide which treatment(s) to fund. However, given the varied and unpredictable of direction and strength of preference, what resource allocation decisions should be taken based on the valuations elicited? If valuations had a small confidence interval around the mean, the mean or median value could be used confidently to make allocative decisions. However, here, the variance is very large. In a taxation based system, all participants are paying into the system and so someone with a low valuation may regard it as unfair if individuals with a high valuation are catered for. Similarly, if a system is designed to cater for those with a low valuation (by providing low levels of treatment), the individual with a high valuation may see this as unfair, as their legitimate demands are not being catered for. However, the decisions still need to be made and it may be that using a median value is the only way of reaching a societal decision. Insurance based systems may be able to address this to some degree by utilising different premiums, but the complexity of the decision making process still makes this problematic and potentially unfair. The equity issues of any decision taken would have to be considered carefully (Donaldson & Gerard 2005) . Even if the values were deemed impractical to use in an absolute sense, they may be useful in a more qualitiative way in informing decisions.
The unpredictable variation is also important for individual dentist, reinforcing the need to avoid making any assumptions about patient preferences and values when making decisions.
The potential to elicit WTP values for dental interventions has been demonstrated and the use of these valuations has been outlined. Future research could, then, elicit WTP for a representative population and investigate how these could be used with policy makers.
There is also a need to investigate the influence of potential anchors and how usual payment vehicle affects valuation in systems with a patient co-payment.
Conclusions
Willingness to Pay can be used for valuing treatment options for a molar tooth with a nonvital pulp, and the data can be potentially useful for both policy makers and dentists working with their patients. For policy makers, there is a potential conflict to address between demand (in terms of the valuations elicited) and equity as well as between demand and affordability. The variation in valuations makes addressing such problems even more difficult. Ideally, such values should be used alongside other economic tools to inform these difficult decisions.
For dentists, it is important to remember that patients' choices and valuations are unpredictable. Therefore to engage in fully shared decision making dentists need to try to avoid pre-judging patients and enter into dialogue concerning these aspects of treatment planning. 
